To evaluate, in an experimental model of acute pancreatitis, the impact of nitric oxide on the disease process and the interaction between nitric oxide and oxygen free radicals.
Summary Background Data
Nitric oxide and oxygen free radicals are involved in the pathophysiology of acute pancreatitis. It is well established that oxygen free radicals play an important role in the development of pancreatic cell damage and remote organ failure, but the impact of nitric oxide on the disease process and the interactions between the two radical species remain controversial.
Methods
Necrotizing pancreatitis (NP) was induced in Wistar rats by intraductal sodium taurocholate infusion after pretreatment with isotonic saline (NP-S), superoxide dismutase/catalase (NP-SOD/CAT), or an anti-ICAM-1 antibody (aICAM-1). Sham-operated rats received isotonic saline (SHX). After an observation period of 5 minutes and 24 hours, the pancreas was removed for microscopy, glutathione, and myeloperoxidase (MPO) analysis. The inducible NO synthase (NOS-2) was detected by Western blotting or RT-PCR. Serum was analyzed for nitrite/nitrate (NO 2 -/NO 3-) and S-nitrosothioles (RSNO), while plasma was used to assay for trypsinogen activation peptides (TAP).
Results
NP-S animals showed a significant decrease in GSH levels after NP-induction as compared with animals under therapy. Increased MPO levels in the NP-S group were significantly reduced by aICAM-1 while SOD/CAT injection showed no changes. Serum NO-derivatives peaked at 12 hours while TAP levels had a maximum at 6 hours after NP induction, and were lower after aICAM-1 application SOD/CAT treatment increased both parameters. Extended acinar cell damage and inflammatory infiltrate developed in NP-S animals and was significantly improved by SOD/CAT and aICAM-1 treatment.
RT-PCR and Western-blot analysis revealed NOS-2 expression in the NP-S group, which was reduced by radical scavengers and aICAM-1.
Conclusion
Enhanced nitric oxide synthase expression and increased nitric oxide derivatives are found during severe acute pancreatitis. Oxygen free radicals and neutrophils seem to be potent and important regulation mechanisms for nitric oxide synthase activity and nitric oxide-mediated toxicity but imply only a secondary role for nitric oxide in the local pathologic mechanism of this disease.
Severe acute pancreatitis is characterized by acinar cell injury with extensive tissue necrosis, inflammation, and hemorrhage. 1 In most patients it is associated with remote organ failure, sepsis, and a high death rate. In the absence of a clear pathophysiologic concept of acute pancreatitis, current treatment strategies still focus on the management of subsequent complications rather than the cause of the disease. In the search of an improved therapeutic concept, increasing experimental and clinical evidence has arisen that oxidative stress [2] [3] [4] and polymorphonuclear leukocytes 5 play an instrumental role in the disease process.
Oxygen free radicals (OFRs) are a highly reactive biochemical species that exert their pathophysiologic effects by direct and indirect mechanisms. Directly, they attack lipids and proteins in the biologic membranes at the local site of generation. 6, 7 Indirectly, they act on the arachidonic acid cascade by the production of thromboxane, which is known to lower tissue circulation by its potent platelet-aggregating and vasoconstricting effects. 8 Second, they increase the production of leukotriene B4, which promotes the activation of leukocytes. 9 Activated polymorphonuclear leukocytes themselves are known to release various lysosomal enzymes as well as OFR species (the so-called respiratory burst), which enhances tissue injury. 2 In addition to OFRs, nitric oxide (NO) is another highly reactive free radical that is involved in the physiology of circulation 10 and in pathophysiologic conditions such as inflammation. 11, 12 NO is synthesized from the amino acid Larginine by a family of enzymes summarized as nitric oxide synthase (NOS) that are present in endothelial cells, macrophages, platelets, and the pancreas. 12 To date three isoforms of NOS have been characterized: two of them are termed neuronal constitutive (ncNOS or NOS-1) and endothelial constitutive (ecNOS or NOS-3), which are constantly present and produce only small amounts of NO. The inducible NOS (NOS-2), the third NO isoform, produces larger amounts of NO and is present only after stimuli such as endotoxin or proinflammatory cytokines. 13, 14 NO-mediated cytotoxicity is due to several mechanisms: NO rapidly reacts with the superoxide anion, which results in the formation of peroxynitrite and hydroxyl radicals, both powerful oxidants. 15 In addition, NO seems to be a mediator of prostaglandin synthesis. 16 The role of NO in acute pancreatitis has been controversial. There are several lines of evidence showing that NO seems to have a protective effect on local pancreatic cellular damage, mainly by inhibiting neutrophil accumulation. 16 -18 However, the definite role and the exact relation among NO, OFR-derived radicals, and polymorphonuclear leukocytes remain fairly unknown. In the present study we aimed to address this issue in an in vivo experimental setup.
METHODS

Experimental Procedures
Two hundred forty male Wistar rats weighing 250 to 300 g were acclimated for at least 1 week before use on a 12:12-hour light-dark cycle and were given free access to standard rodent chow and water. The study was performed in accordance with the national guidelines for the use and care of laboratory animals and was approved by the local animal care and use committee. Rats were anesthetized with halothane (Fluothane; Zeneca GmbH, Plankstadt, Germany) after receiving 0.15 mg/kg buprenorphin subcutaneously (Temgesic; Grünethal GmbH, Aachen, Germany) and placed in a supine position. A 26-gauge polyethylene catheter (Abbocath-T; Abbott GmbH, Wiesbaden, Germany) was inserted in the abdominal aorta below the renal arteries and advanced to the origin of the celiac artery for continuous regional arterial perfusion of the pancreas. This technique was established and optimized in a separate series of 10 rats before the experiments. In these rats, continuous regional arterial perfusion was visualized by applying 2 mL 1:25 diluted 10% fluorescein solution (Alcon-Thilo GmbH, Freiburg, Germany) under UVA illumination for several minutes, which provided fluorescein distribution in the entire pancreas. For perfusion times longer than 20 minutes, the abdomen was temporarily closed by few sutures with the catheter in situ to minimize temperature loss. During the entire perfusion, the animals were kept under halothane anesthesia. After completion of perfusion, the aorta was clamped proximal to the insertion site, the catheter was removed, and the aortal puncture was oversewn with 8-0 nylon. Depending on the observation period, rats killed at 3 hours or later were allowed to recover from anesthesia and placed back into their cages with free access to food and water.
Acute necrotizing pancreatitis was induced by a standardized retrograde infusion of 0.1 mL/100 g of a freshly prepared 3% sodium taurocholate solution (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) into the biliopancreatic duct, as described elsewhere.
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Experimental Groups
Rats were randomly assigned to one of four experimental groups. After observation periods of 5 minutes, 30 minutes, 3 hours, 6 hours, 12 hours, and 24 hours after pancreatitis induction, rats were exsanguinated under anesthesia by aortal puncture. Serum and plasma were taken for determination of amylase, lipase, trypsinogen activation peptides (TAP), nitrite/ nitrate (NO 2 -/NO 3 -), and S-nitrosothiole concentrations. The duodenal and the splenic parts of the pancreas were rapidly excised and separately processed for light microscopic examination and determination of total glutathione, glutathione disulfite, and myeloperoxidase. Protein and RNA were extracted for Western blotting and reverse transcriptase-polymerase chain reaction experiments to assess the expression of inducible NO synthase (NOS-2) or peroxynitrite.
In the pancreatitis group (NP-S group, n ϭ 60), 15 minutes before the induction of pancreatitis, rats received continuous regional arterial perfusion with isotonic saline at 1 mL/h per 100 g body weight. It was continued for a maximum of 60 minutes after pancreatitis induction. Ten rats were killed at each time interval.
In the pancreatitis scavenger group (NP-SOD/CAT group, n ϭ 60), instead of saline, rats were pretreated for 15 minutes with continuous regional arterial infusion of superoxide dismutase (bovine SOD; Boehringer Mannheim GmbH, Mannheim, Germany) at a dosage of 100,000 units/kg per hour and a flow rate of 1 mL/h per 100 g body weight. The infusion was continued for a maximum of 60 minutes after pancreatitis induction. Rats killed at 5 and 30 minutes received one bolus injection of 200,000 units catalase (bovine CAT; Boehringer Mannheim) at the beginning of the perfusion. Animals observed for 3, 6, 12, and 24 hours received the same bolus injection both at the beginning and the end of the perfusion period. Ten rats were killed at each time interval.
In the anti-intercellular adhesion molecule (ICAM-1) group (n ϭ 60), perfusion with mouse monoclonal anti-ICAM-1 antibodies (DPC Biermann GmbH, Bad Nauheim, Germany) was started 15 minutes before pancreatitis induction. The antibody was applied at 2 mg/kg per day at a flow rate of 1 mL/h per 100 g body weight through the continuous regional artery catheter and was continued for a maximum of 60 minutes. Ten rats were killed at each time interval.
The animals in the sham-operated group (n ϭ 60) received retrograde infusion of isotonic saline instead of 3% sodium taurocholate into the biliopancreatic duct after 15 minutes of continuous regional arterial perfusion with isotonic saline. Consistent with the other groups, perfusion was performed for a maximum of 60 minutes more, and 10 rats were killed at each time interval.
Measurements
Activities of ␣-amylase and lipase were determined in serum using a standard clinical method for automated analysis (DADE Behring GmbH, Liederbach, Germany). TAP was measured in plasma using a commercial enzyme-linked immunosorbent assay according to the manufacturer's instructions (Biotrin, Dublin, Ireland). Nitrite, nitrate, and S-nitrosothiole concentrations were analyzed in serum as previously described. 20 To determine tissue concentrations of glutathione, glutathione disulfite, myeloperoxidase, protein, and total RNA, portions of the duodenal part of the pancreas were snapfrozen in liquid nitrogen immediately after excision and stored at Ϫ80°C until later assay. Glutathione and glutathione disulfite levels were determined using a microtiter plate assay, as described by Baker et al 21 and Vandeputte et al. 22 Glutathione and glutathione disulfite tissue concentrations were quantified by a kinetic method described by Tietze, 23 as modified by Griffith. 24 Myeloperoxidase was measured h-24 h)/TAP: P Ͻ .001 (6 h). † Significant differences between experimental necrotizing pancreatitis versus experimental necrotizing pancreatitis-SOD/CAT: amylase: P ϭ n.s./lipase: P ϭ n.s./TAP: P Ͻ .001 (6 h). ‡ Significant differences between experimental necrotizing pancreatitis versus experimental necrotizing pancreatitis-aICAM-1: amylase: P Ͻ .02 (12 h)/lipase: P Ͻ .05 (5 min), P Ͻ .01 (6 h)/TAP: P Ͻ .05 (5 min), P Ͻ .001 (6 h).
according to a method described by Bradley et al. 25 Tissue concentrations of the respective parameters were related to the protein content of the pancreatic samples. Protein concentration was determined using the method of Lowry et al. 26 For Western blot analysis of NOS-2 and peroxynitrite, cytosolic protein was extracted as described recently. 12, 27 Approximately 150 mg pancreatic tissue was homogenized in buffer containing 20 mmol/L TES, 2 mmol/L DL-dithiothreitol, 10% glycerol, and the proteinase inhibitors antipain (25 g/mL), aprotinin (25 g/mL), chymostatin (25 g/ mL), leupeptin (25 g/mL), pepstatin (10 g/mL), phenanthroline (50 mol/L), and phenylmethylsulfonyl fluoride (100 mol/L). Homogenates were centrifuged at 16,000g at 4°C. Equal amounts (30 g) of the supernatants were boiled in SDS-gel sample buffer for 5 minutes, separated by 7.5% (NOS-2) or 10% (3-nitrotyrosine) sodium dodecylsulfatepolyacryeaunide gel electropleoresis (SDS-PAGE), and electrophoretically transferred to nitrocellulose membranes (Amersham Life Sciences, Buckinghamshire, England). Nonspecific binding to the membrane was blocked by 5% nonfat dry milk in phosphate-buffered saline-0.1% Tween (PBS-T 20) overnight at 4°C. The blots were washed three times in PBS-T 20 and incubated with either an IgG polyclonal rabbit antibody against NOS-2 (anti-MAC-NOS, 1:3,000; Transduction Laboratories, Freiburg, Germany) or an IgG mouse monoclonal antibody against 3-nitro-L-tyrosine (1:3,000, Upstate Biotechnology, Freiburg, Germany). The membranes were again washed three times and incubated with an appropriate secondary IgG antibody conjugated with horseradish peroxidase (1:2,000, Amersham Life Sciences). After this procedure, membranes were washed another three times and developed by using the enhanced chemiluminescence system (Amersham Life Sciences) after a film exposure of 2 to 20 minutes.
Total RNA was extracted from pancreatic tissue using the single-step method of Chomczynski and Sacchi. 28 For detection of NOS-2 by RT-PCR, 2 g total RNA was reversetranscribed into cDNA in a total volume of 10 L in 50 mmol/L Tris-HCl (pH 8. 
Light Microscopy
Tissue samples from the duodenal and splenic part of the pancreas were fixed in 4% phosphate-buffered formalin for 24 hours and embedded in paraffin. Section 5 m thick were stained with hematoxylin and eosin. Light microscopic slides were examined and graded in a blinded fashion under supervision of a pathologist (T.N.) experienced in pancreatic pathology.
Assessment of Cell Damage and Inflammatory Infiltrate
Cell damage was defined as zymogen degranulation, cytoplasmic vacuolization, loss of the basal basophilic/apical aci- dophilic staining of the cytoplasm, and a pyknotic nucleus of an acinar cell. At 160ϫ magnification, at least 1,000 random acinar cells per histologic section were counted. The frequency of cell damage is given as a percentage.
To quantify the inflammatory infiltrate, at least 10 random high-power fields containing interlobular or intralobular vessels were analyzed at 400ϫ. The number of inflammatory cells (polymorphonuclear leukocytes, lymphocytes, and monocytes) in the perivascular or pancreatic tissue was counted per high-power field. The inflammatory infiltrate is presented as the mean number of inflammatory cells per high-power field counted.
Statistics
All values are presented as mean Ϯ standard error of the mean. Variables were tested for group differences with the Wilcoxon rank sum test or the Student t test, if the variables were normally distributed. In all instances, P Ͻ .05 at ␣ Ͻ 0.05 was considered significant. Statistical calculations were done using the MedCalc software package (MedCalc, Ulm, Germany).
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RESULTS
In the nontreated animals (NP-S group), significant hyperamylasemia and hyperlipasemia developed immediately after induction of pancreatitis and peaked after 6 hours. In contrast, only a moderate increase of both parameters was observed in the sham group. SOD/CAT treatment had no influence on the serum levels of both enzymes, and anti-ICAM-1 produced a reduction of amylase after 12 hours and a reduction of lipase after 5 minutes and 6 hours compared with the NP-S group (Table 1) .
A significant increase in plasma TAP levels was found at 6 hours in the NP-S animals compared with the shamoperated group. In rats treated with SOD/CAT and anti-ICAM-1, lower TAP levels were found at this time point.
NO 2 -/NO 3 -concentrations showed a marked increase within 3 to 12 hours after induction of pancreatitis in the NP-S group, whereas concentrations in the sham-operated animals remained at a significantly lower level during the same period. As early as 5 minutes after induction of pancreatitis, S-nitrosothiole concentrations peaked and gradually returned to normal levels until the end of the observation period (Table 2 ). In SOD/CAT-treated rats both S-nitrosothiole and NO 2 -/NO 3 -levels were higher after 5 and 30 minutes after induction of pancreatitis, the differences reached statistical significance. In contrast, anti-ICAM-1 attenuated the increase of NO 2 -/NO 3 -at 3 and 12 hours and that of S-nitrosothiole at 5 minutes.
TOTAL GLUTATHIONE (GSH), GLUTATHIONE DISULFIDE (GSSG), AND MYELOPEROXIDASE (MPO) CONCENTRATIONS IN PANCREATIC TISSUE (MEAN ؎ SEM)
Changes in glutathione metabolism were most obvious in the first 6 hours after induction of pancreatitis in the NP-S animals. Compared with sham-operated rats, decreased tissue concentrations of glutathione were found after 5 and 30 minutes. Concomitantly, glutathione disulfite concentrations showed an initial increase at 5 minutes and a subsequent decrease and a second increase after 24 hours (Table  3) . SOD/CAT prevented the decrease of glutathione in the first 30 minutes, and glutathione disulfite levels were found to be lower after 3 and 24 hours. Similar observations were obtained in the anti-ICAM-1 group: glutathione concentrations were higher at 5 minutes and 3 hours, and the increase in glutathione disulfite was attenuated after 3 and 24 hours.
Myeloperoxidase levels showed no relevant increase until 3 hours in all experimental groups. Thereafter, concentrations dramatically increased in the NP-S group but remained almost unchanged in the sham-operated group. Although myeloperoxidase levels were lower after SOD/CAT treatment, the differences did not reach statistical significance. In contrast, anti-ICAM-1 treatment prevented myeloperoxidase elevation at 6 hours and all subsequent time intervals (see Table 3 ).
Light microscopy revealed the first evidence of acinar cell damage soon after pancreatitis induction in all pancreatitis groups. Consistent with the course of myeloperoxidase levels, extravascular diapedesis and pancreatic tissue infiltration of leukocytes were first observed 3 hours after induction of pancreatitis in the nontreated group. Thereafter, inflammatory cells were continuously recruited into the * Significant differences between experimental necrotizing pancreatitis versus sham-operated animals: cell damge: P Ͻ .001 (5 min-24 h)/inflamamtory inflitrate: P Ͻ .001 (6 h, 12 h, 24 h). † Significant differences between experimental necrotizing pancreatitis versus experimental necrotizing pancreatitis-SOD/CAT: cell damage: P Ͻ .05 (30 min, 6 h, 12 h), P Ͻ .001 (3 h)/inflammatory infiltrate: P Ͻ .001 (6 h), P Ͻ .02 (12 h). ‡ Significant differences between experimental necrotizing pancreatitis versus aICAM-1: cell damage: P Ͻ .02 (30 min, 12 h), P Ͻ .001 (3 h, 6 h)/inflammatory infiltrate: P Ͻ .001 (3 h-24 h). extravascular compartment and had invaded the whole pancreas, especially the areas of cellular damage, after 24 hours (Table 4) . SOD/CAT and anti-ICAM-1 pretreatment did not prevent but significantly attenuated the extent of acinar cell damage between 30 minutes and 12 hours. In addition, the inflammatory infiltrates were significantly reduced at 6 and 12 hours in the scavenger group and at 6 hours to the end of the observation group in the animals treated with anti-ICAM-1.
NOS-2 mRNA expression was first observed 3 hours after induction of pancreatitis in the nontreated rats and peaked between 6 and 12 hours. In contrast, no upregulation was detected in the sham-operated animals. NOS-2 mRNA expression was much lower after SOD/CAT treatment and was almost completely suppressed after anti-ICAM-1 treatment in the respective time intervals (Fig. 1) .
Consistent with RT-PCR results, Western blot analysis showed upregulation of NOS-2 within 6 to 24 hours after induction of pancreatitis in the nontreated group. Maximum protein expression of NOS-2 was observed at 12 hours, whereas no relevant upregulation was detected in the shamoperated group (Fig. 2) . Scavenger treatment resulted in downregulation of NOS-2 protein levels at 6 and 12 hours, whereas in the anti-ICAM-1 group only a weak band was visible at 6 hours.
Intrapancreatic 3-nitrotyrosine protein expression peaked at 3 and 6 hours in the nontreated animals (Fig. 3) . In the sham-operated rats, 3-nitrotyrosine protein levels were less expressed at all time points, although upregulation was detected at 3 hours. Both anti-ICAM-1 and SOD/CAT treatment resulted in only a moderate generation of peroxynitrite in the first 6 hours after pancreatitis induction.
DISCUSSION
Oxidative stress is known to be an instrumental factor that mediates local cellular damage and remote organ dysfunction in acute pancreatitis. Free reactive oxygen and NO initiate the generation of highly aggressive radical species such as the superoxide anion, the hydroxyl radical, and nitrotyrosine. 5, 6, 30 In addition, both OFRs and NO are involved in leukocyte-dependent inflammatory processes in which OFRs induce 4, 5 but NO inhibits leukocyte activation, adhesion, and emigration. 31 In the present study, we investigated the effects of OFR scavenging and inhibition of neutrophil adhesion on different levels of NOS-2 mRNA and protein expression as well as NO derivatives in a model of severe acute pancreatitis. In nontreated animals, intrapancreatic NOS-2 protein expression showed a dramatic upregulation between 6 and 12 hours after pancreatitis induction and a systemic increase in NO 2 -/NO 3 -and S-nitrosothioles. At the same time interval, we observed increased leukocyte infiltration, mainly neu- trophils, manifested by elevated tissue myeloperoxidase levels. The changes in glutathione disulfite clearly demonstrated that oxidative stress accounts for the initial pathophysiologic alterations observed in this disease. As a consequence, peroxynitrite (the reaction product of NO with superoxide anion), as demonstrated by 3-nitrotyrosine protein expression, was also found in high concentrations after the onset of pancreatitis, with a further increase during the course of the disease.
Administration of anti-ICAM-1 antibodies and OFR scavengers led to a significant reduction of intrapancreatic NOS-2 expression on both the mRNA and the protein level. Systemic NO 2 -/NO 3 -and S-nitrosothiole concentrations were reduced in the anti-ICAM-1 group, whereas SOD/ CAT application led to a significant increase in the first three hours after pancreatitis initiation. In either treatment group, changes in glutathione metabolism were less pronounced during the same period. With respect to the intrapancreatic histopathologic changes, anti-ICAM-1 and SOD/CAT application significantly improved the extent of acinar cell damage and inflammatory infiltrate, although myeloperoxidase levels were not significantly reduced by scavenger treatment.
Our data confirm previous observations of enhanced NOS-2 expression and increased NO metabolites during acute pancreatitis. 16 -18,32-35 To investigate the pathophysiologic role of NO, a direct modulation of the NO pathway by either application of endogenous NOS inhibitors or NO donors was chosen in these studies. Irrespective of the individual results, most of the authors agreed on one point: the major role of NO in the pathophysiology of this disease seems to be ascribed to its effects on the vascular system. 18, [32] [33] [34] [35] However, conflicting results were obtained as to whether the effects of enhanced NO generation are positive, 17, 18 negative, [31] [32] [33] [34] or negligible 16, 36 with respect to the development of local and systemic complications in the course of the disease. Because NO contributes to the generation of oxidative stress on the one hand and modulates leukocyte adhesion/infiltration on the other, we used a different approach that primarily addressed the respective aspects. Our results clearly demonstrate that endogenous NO production is subjected to strong regulatory mechanisms by OFRs and polymorphonuclear leukocytes. The reduction of OFRs subsequently reduces oxidative stress and inhibits polymorphonuclear leukocyte adhesion/infiltration, which also inhibit the upregulation of NOS-2 and its toxic intermediates. The treatment with anti-ICAM-1 during acute pancreatitis seems to reduce NOS-2 expression and NO production. However, a thorough analysis of the data shows that OFRs may be even more important effector molecules in the regulation of the NO metabolism than polymorphonuclear leukocytes. Several factors support this hypothesis. First, our experimental protocol provided the application of SOD/CAT, which primarily scavenges the superoxide anion, for no more than 60 minutes after induction of pancreatitis. Because both substances have a relatively short halflife, no further protective effect was present at later time intervals. This is evident in terms of 3-nitrotyrosine expression, which showed a steady increase at 12 and 24 hours, underscoring the importance of OFRs in the generation of NO-derived toxic metabolites. Second, activated polymorphonuclear leukocytes can also release OFRs. By inhibition of leukocyte adhesion and infiltration, another important source of OFR-induced oxidative stress was inhibited. The fact that peroxynitrite continuously increased during the late observation periods in the anti-ICAM-1 group is most likely due to the fading effect of the antibody.
Only a few studies have addressed the potential differences of NO-and OFR-induced oxidative stress on the histologic alterations in acute pancreatitis. 16 Our data confirm the observations of Closa et al, 16 who showed that NO does not contribute to OFR-induced acinar cell damage in acute pancreatitis. In our study, even sham-operated animals had detectable levels of 3-nitrotyrosine expression, although no acinar cell damage was present. Moreover, if the treated and nontreated rats are compared, the differences of peroxynitrite levels, measured as 3-nitrotyrosine expression, are less significant compared with NOS-2 mRNA or protein expression. The fact that systemic NO levels were higher in the scavenger-treated animals and lower in the anti-ICAM-1 animals is an additional argument that NO-mediated toxic- ity is not the primary event involved in this local pathologic mechanism.
However, our study focused only on the role of NO in the local pathologic mechanism of pancreatitis. Therefore, we cannot estimate whether the effects and regulatory mechanisms are the same in distant organs such as the lung and the liver or in the development of remote organ failure. As shown by results from previous studies, the vascular system, with subsequent microcirculatory and hemodynamic disturbances, seems to be the predominant target of NO-mediated toxicity.
In summary, enhanced NOS-2 expression and increased NO derivatives are found during the course of severe acute pancreatitis. OFRs and neutrophils seem to be potent and important in the regulation of NO metabolism. NO-derived toxicity does not seem to have a significant impact on acinar cell damage, implying only a secondary role for NO in the local pathologic mechanism of this disease.
